Abstract-Lots of research have been done within the mental health domain, but exact causes of mental illness are still unknown. Concerningly, the number of people being affected by mental conditions is rapidly increasing and it has been predicted that depression would be the world's leading cause of disability by 2020. Most mental health information is found in electronic form. Application of the cutting-edge information technologies within the mental health domain has the potential to greatly increase the value of the available information. Specifically, ontologies form the basis for collaboration between research teams, for creation of semantic web services and intelligent multi-agent systems, for intelligent information retrieval, and for automatic data analysis such as data mining. In this paper, we present Mental Health Ontology which can be used to underpin a variety of automatic tasks and positively transform the way information is being managed and used within the mental health domain.
I. INTRODUCTION
Mental illness is becoming one of the major problems of our society [1] . The World Health Organization predicted that depression would be the world's leading cause of disability by 2020 [2] . It has also been proven that mental illness is a causal factor in many chronic conditions such as diabetes, hypertension, HIV/AIDS resulting in higher cost to the health system [3] .
An ontology provides a shared common understanding of a domain. As ontologies are highly expressive knowledge models they can be used to increase the expressiveness and intelligence of a system [4, 5] . An ontology, particularly in medicine, grew out of a perceived need for a controlled vocabulary [6, 7] . The importance of ontologies has been recognised within the biomedical domain and work has begun on developing and sharing biomedical ontologies [8, 9] such as Gene Ontology (GO) (http://www.geneontology.org/), Unified Medical Language System (UMLS) [10] , Human Disease Ontology [11] , Protein Ontology (http://proteinontology.info/) [12] , etc. A great variety of biomedical ontologies is available via The Open Biomedical Ontologies (http://obofoundry.org/) covering various domains such as anatomy, biological processes, biochemistry, health and taxonomy.
We have identified five main application areas for ontologies:
1. Ontologies are used in situations where collaboration between research teams needs to be established. For example, research in mental illness requires collaboration and sharing of information as different research teams may work on different aspects of mental illness. Identification of the precise patterns of causal factors responsible for a specific type of mental illness still remains unsolved and is therefore a very active research focus today [13, 14, 15, 16, 17] . Some researchers suggest that a bacterial or viral infection causes mental illness [17] .
The importance of ontologies within the Web Services community is great as ontologies can provide a semantic framework that will enable knowledge sharing and use by all parties involved. In some of our works [18, 19] we have explained how Ontology technology in combination with Grid technology can help create collaborative environments and increase interoperability within the system.
Information regarding mental illness is dispersed over various resources and it is difficult to link this information, to share it and find specific information when needed. A Mental Health Ontology can be designed to provide a model of mental health concepts and relationships that can be used to form a semantic framework for many data storage and retrieval. Such a semantic framework could be used for systematic annotation of mental health information available through various information resources and support querying of heterogeneous information sources.
A collection of agents can utilise a shared domain ontology as their common knowledge base. This will facilitate communication and coordination between agents and support some important processes within a multi-agent system such as: problem decomposition and task sharing among different agents, results sharing and analysis, information retrieval, selection and integration etc [20] .
A Mental Health Ontology can form a semantic framework for the data mining tasks which can play a crucial role in deriving knowledge and assisting in the prevention, diagnosis, treatment and control of mental illness. Data mining algorithms have great potential to expose the patterns in mental health data, facilitate the search for the combinations of genetic and environmental factors involved and provide an indication of influence [21, 22] .
II. MENTAL HEALTH ONTOLOGY MODEL
The Mental Health Ontology (MHO) consists of three subontologies which represent (1) disorder types, (2) factors and (3) treatments.
A. Disorder Types
There are currently two established classification systems for mental health disorders which list categories of disorder types, namely the International Statistical Classification of Diseases and Related Health Problems, 10 th Revision (ICD-10) published by the World Health Organization (WHO) [23] and the Diagnostic and Statistical Manual of Mental Disorders, Fourth Revision (DSM-IV) by the American Psychiatry Association [24] . Both classification systems are essentially congruent in content due to internationally available knowledge of mental disorders in the literature, although some differences still remain. A key disparity between the two is their origins and consequently, target groups. The DSM is predominantly based on research studies conducted in the United States, as a result excluding concepts of disorders prevalent in other cultures [25] . On the other hand, the ICD-10 is an international standard diagnostic classification of a wide range of health conditions, among which chapter V is dedicated to "mental and behavioral disorders". As such, diagnoses based on the ICD-10 show a high reliability between different institutions and a good international comparability [26] . Another notable difference between the two classification systems is the content. The WHO states that the term "mental disorder" can include mental retardation in addition to mental illness, personality disorders and substance dependence [27] . In contrast, mental retardation is not classified as a clinical disorder in DSM-IV [24] . Despite their differences, both ICD-10 and DSM-IV classification systems have achieved worldwide acceptance. A survey of 205 psychiatrists, from 66 different countries across all continents, reported that ICD-10 was more frequently used in clinical practice and training, while the DSM-IV was more valued for research [28] . By collating information from the two classification schemes that best represents mental health disorders, we have identified 13 types of mental illnesses along with their individual sub-classes, shown in Fig. 1 and Fig. 2 respectively. Mental retardation was not included in the MHO since our focus is on clinical disorders. The WHO has recently conducted an international survey of mental disorders across 26 countries based on ICD-10 and DSM-IV criteria. Based on the first published results from 14 countries completed to date, anxiety disorders were found to be the most prevalent in all but one country (prevalence in a 12-month period of 2.4% to 18.2%), followed by mood disorders which are most common in all but two countries (0.8% to 9.6%), while substance disorders (0.1%-6.4%) and impulsecontrol disorders (0.0%-6.8%) were less prevalent [29] . However, these are believed to be underestimated, due to poor diagnosis, especially in countries without affordable access to mental health services, and low reporting rates, as a consequence of the predominant use of self-report data. 
B. Factors (causes)
As we have explained in Section II, the exact causes of mental illness are still unknown. Some causal factors such as genetic, environmental and microbial, have been identified but their individual influences on mental health are still unknown. One of the sub-ontologies of MHO has been designed to capture and represent the knowledge related to the factors affecting the mental health of individuals. We have classified those factors under the following 5 categories: (1) genetic, (2) physical, (3) environmental, (4) personal and (5) microorganisms.
Genetic factors include variations/mutations of human DNA that affect mental health. Our model will capture information about 'genes', 'gene complexes' (such as G72/G30 gene complex associated with Schizophrenia [42] ) and 'DNA regions of interest' i.e. regions in DNA that potentially contain mutated genes affecting mental health.
Physical factors define and describe physical conditions that may affect mental health. haemorrhage', 'Tuberculosis meningitis', 'Vitamin B deficiency', etc. For example, Vitamin B deficiency may result in depression, liver failure may cause hallucinations, multiple sclerosis may result in mood disorders, and Tuberculosis meningitis may result in personality disorders. The relationship between physical and mental health has also been reported by Tsevat et al. [43] .
Environmental factors include factors surrounding us that we have less control of. For example, our 'physical environment' is determined by 'climate', 'living conditions', 'noise', 'pollution', etc. A large number of people are affected by weather. Usually, overcast weather affects people negatively and sunny weather positively, while noise can increase stress levels and affect mental health in a negative way. 'Social environment' captures factors determined by our relationships with others and includes both damaging relationships such as 'conflicts', 'abuse' and 'discrimination' as well as beneficial relationships. It has also been reported that the 'Financial environment' affects our health. Ettner [44] provides evidence that increases in income significantly improve physical and mental health.
Personal factors relate to the factors surrounding us that we have more control over. It has been reported [45] that what we 'believe' in and our spiritual levels affect our mental health. D'Souza [46, 47] highlights the need of patients to have their spiritual issues addressed. Our immediate 'responses' regarding complex situations can have a longterm impact on our mental health. These responses can be directed 'towards ourselves' or 'towards others'. Negative circumstances can inspire some to 'problem solving', while others may tend towards 'isolation' or 'drug abuse'. Some may be inspired to 'forgiveness', others will put 'blame' on someone. One of the greatest effects on our mental health, and health in general is our 'emotions' [48] . Some of these include 'stress', 'anger', 'bitterness', 'guilt', 'joy', 'happiness', 'peace', 'fear', and are directly affecting our mental health.
Recent news has reported possible existence of microorganisms such as 'virus' or 'bacteria' that may affect mental health. More research is required to explain why mental illness appears to be transmittable; is this caused by a microorganism or is the wellness/illness 'contiguous'?
C. Treatments
There are various ways to manage mental health disorders. Treatments include pharmacotherapy, psychotherapy, group and family therapy, electroconvulsive therapy and psychosurgery. A number of studies have established the correlation between chemical imbalances in the brain and specific psychiatric conditions which subsequently led to the development of pharmacotherapy [30, 31] . These psychoactive drugs are categorized according to the disorder for which they are primarily prescribed, and are a highly effective treatment for the targeted disorder. In recent years, significant advances have been made in the field of psychotherapy, an interpersonal intervention which employs one or more of a range of specific psychological techniques facilitated through a psychotherapist. These include behavioural therapy [32, 33] , cognitive therapy [34, 35] , humanistic therapy [36] , play therapy [37] , psychodynamic therapy [38, 39] as well as rehabilitation programs. Group and family therapies are also often useful in coping with stress. Most studies suggest that an integrated treatment approach involving both drugs and psychotherapy is more effective than either treatment method used alone [40, 41] .
II. CONCLUSION
The three ontology 'dimensions' (illness type, factors and treatments) contain very different information and are orthogonal to each other. The 'Illness Types' sub-ontology is more a classifying ontology and is strongly hierarchically supported. The 'Factors' sub-ontology is strongly based on scientific research and expose different kind of factors that may affect our mental health, both positively and negatively. The 'Treatment' sub-ontology is a combination of classifying and research ontology. Designing new drugs is research work but, for example, all the discovered drugs can be hierarchically classified. All three 'dimensions' are different from each other and each 'dimension' is unique. But jointly they give an overall picture and a good overview of mental health knowledge.
The mental health domain is a very complex discipline, and requires breaking the information silos and conducting crossdisciplinary research. Mental illness is not simply a case of blood tests and prescription of medications. It is much more than that. There is a need for physiologists, molecular biologists, biochemists, neurologists, neuroscientists, psychologists, psychiatrists, drug therapists, herbalists, sociologists, theologises, etc. as well as information and computer scientists to come together and build intelligent systems to aid medical researchers, physicians, patients and general public in efficient and effective use, management and retrieval of mental health information. Such systems go some way to delivering what Patel et al [49] say is 'necessary to transform the quality of mental health care'. They improve the infrastructure for evidence-based interventions and provide innovation for quality improvement in mental health care.
Of specific importance is information about factors affecting mental health. As this is still a grey area and exact causes of mental disorders are unclear, precise treatment strategies cannot be developed at this stage. The doctors are often forced to prescribe medication which may give temporal relief but in reality mask the real issue and often result in side effects that will make the patient's situation even worse. Medical researchers need support in advancing their research in identifying the illness causing factors and effective patient treatments. This would reduce the possibility of redundant research (saving research time, effort and resources) and facilitate development of technologies for maintaining good health. The general public should also have access to accurate, reliable and up-to-date information that will help their understanding of mental health and motivate them to control their mental health better. Additionally, reducing the number of mentally ill patients will significantly reduce the cost of the mental health budget.
In our research centre, we are developing MHO using Protégé. We hope this is only the beginning of our future mental heath projects which will incorporate agent-based systems and data mining. We are inviting other researchers that share the same vision to join us in these projects.
